Abstract
Introduction
Postural control, as stated by some researchers, is one of the most important and essential needs in the everyday life of a human, and a complex function that requires inputs of visual, vestibular, and somatosensory systems (1, 2) . The contribution of each of these sensory systems to the postural control varies depending on the interference that occurs during the environmental conditions (3) . In addition, sensory reweighting refers to the set of sensory inputs to control the balance (4) . According to sensory reweighting theory, the central nervous system (CNS) can change the dependence on more reliable sources of information to optimize the balance control. Furthermore, proprioception is considered as one of the body information resources for maintaining the balance and the ability to understand or feel the joint spatial position and body movements without vision (4) . Since the ankle and foot are the only parts of the body on the ground during the activity, the proprioception accuracy in the ankle joint is necessary to maintain the proper joint function during daily activities and motor skills (5) . Due to the role of the ankle and foot as the first responders to maintain the balance against external disorders, fatigue causes the nerve dysfunction in the ankle joint owing to the reduced motor output and decreased proprioceptor sensitivity (6, 7) . Therefore, active and passive interventions are widely used to improve the proprioception of the ankle and balance control. Some of the inactive interventions include Kinesio tape, insole, and brace (8) . Among these approaches, orthotic interventions are found to be effective in improving the balance by stimulating the plantar surface of the foot and changing its angular position (9) . The insoles are used for various purposes such as increasing stiffness in the ankle joint, altering the angular position and improving the foot position in addition to therapeutic purposes in the patients (10). Iglesias et al, for instance, stated that semi-rigid and rigid insoles lead to increased postural stability control by this mechanism through which the foot is most likely to be in a natural position (11) . Moreover, Kinesio tape is a relatively new and widely used passive intervention to prevent damage, increase neuromuscular function, improve performance during physical activity (12) , mechanically support the ankle joint (13) , and enhance the ankle joint proprioception (14) . Despite the above-mentioned advantages, the results are contradictory respecting the effect of Kinesio tape on the ankle joint proprioception (14) (15) (16) . Conversely, however, several beneficial effects have been mentioned regarding Kinesio tape intervention as follows: stimulating the mechanoreceptors, increasing the sensory inputs to the CNS, improving the sense of joint condition, elevating blood and lymph circulation due to the application of Kinesio tape (12, 13, 15, 16) , changing the foot pressure, strengthening of the foot sensory feedbacks. Moreover, altering the ankle joint alignment and stature (10) as a result of using wedged insoles, according to previous studies, as well as taking into account the fact that maintaining and strengthening the balance is one of the main factors in preventing injury in athletes (17) were also among the advantages of using Kinesio tape intervention. Besides, since the fatigue can impair the transmission of sensory information and the strength of joints or structures of the lower extremities, the current study sought to investigate the impact of using effective interventions on the foot and ankle proprioception in controlling the balance with and without fatigue.
Materials and Methods
The present quasi-experimental and causal-comparative study was performed on 20 female athlete volunteers with the demographic characteristics shown in Table 1 . The inclusion criteria were lack of any history of severe injury, surgery, fracture, burn, musculoskeletal problems, back pain or severe trauma in the lower extremity during the last six months (17, 18) , and dominance of the right foot, as well as having normal navicular height according to the Brody method (19) . The dominant foot of the subjects was determined by hitting the ball test (17) . Following being informed about the research objectives and method, participants completed the informed written consent. After recording the baseline information, the balance tests were performed using standard and uniform shoes in which the studied insoles had been applied. The insoles used in the study were made of ethylene-vinyl acetate (EVA) of a semirigid type. In this study, three models of 10-degree medial, lateral, and normal wedged insoles were used (Figure 1 ).
The participants conducted the balance tests with wedged (10-degree medial and lateral wedged insoles) and nonwaged (normal) insoles with ankle taping using the normal insole before and after applying the fatigue protocol. Each participant was allowed 5 minutes to become familiar with the insole after wearing the shoe. Besides, the choice of the tests order was randomly carried out for each participant. The subjects with any insole (waged, normal [non-waged], and ankle tape) repeated the balance tests three times. The mean value of the three tests was also included in data analysis. The current study was conducted using the Kinesio tape (Korea) and the Basketweave taping methods (20) (Figure 2 ) . The BBS was employed to measure the individual's balance. This device records the mean postural distortion in three overall, anterior-posterior, and lateralmedial directions (2) . The information used in this study was related to the overall stability index. After determining the order of the tests, which was carried out completely at random, single-leg stance and fall risk programs were applied to measure the static and dynamic balance, respectively, as follows:
Static balance
The participants were asked to stand on the platform with a dominant leg while the hands were freely next to the body, bending the other leg from the knee, holding it high and trying to keep the balance with the least possible fluctuation within the set time. Each participant repeated the test three times (20 seconds each time), first with open eyes, and then with closed eyes (in order to eliminate vision information). Additionally, a 10-second rest period was considered between the repetitions.
Dynamic balance (fall risk test)
The participants were asked to stand on the platform while the hands were freely next to the body, trying to maintain the balance during the test period. The platform was set at 2 and 8. Similar to the static balance, this test was also repeated three times for 20 seconds with a 10-second rest period between the repetitions by wearing all three insoles ( Figure 3) . The treadmill (H/P/COSMOS-mercury, Germany) was used to apply fatigue according to the standard Bruce protocol (multi-stage protocols), with a change in velocity and gradient resulting in an increase in pressure. Since Bruce protocol is an aerobic method and the information received from the feet and vision receptors are reportedly changed increasingly after the aerobic fatigue protocol, the present study employed the Bruce protocol of aerobic fatigue to exert the fatigue (21) . It is worth noting that the heart rate of the participants was controlled simultaneously with the use of the Heart Rate Monitor (Polar A300). Immediately after the fatigue, post-test was performed completely similar to the pre-test, and then the information was recorded. Following collecting the research data, descriptive statistics were applied to investigate the demographic characteristics of the subjects. Then, the Shapiro-Wilk test was employed to examine the normal distribution of the data. According to the normal distribution of the data (P ˃ 0.05), repeated measures ANOVA was run to determine the difference between the studied factors at a significance level of P ≤ 0.05. In case of a significant difference, the LSD test was used. All the statistical analyses were performed using the SPSS (Statistical Package for the Social Sciences) software version 22.
Results
The participants of this study included 20 female athletes with a mean age of 24.31±2.47 years, a mean height of 162.18±6.34 cm, a mean weight of 56.6±6.94 kg, and a mean BMI of 21.44±2.64 kg/m 2 . The repeated measures ANOVA was used to evaluate the difference between different modes (i.e., without wedge insole, or with 10-degree lateral wedged insoles, and 10-degrees medial wedged insoles and taping) before and after the fatigue, and with open and closed eyes. The results of the test are provided in Table 2 .
As can be seen in Table 2 , both 10-degree lateral and medial waged insoles with closed eyes significantly decreased postural fluctuations. However, no significant improvement was observed in the mean scores of the dynamic balance. Similarly, Kinesio tape had no significant effect on the improvement of static and dynamic balance.
Conversely, the LSD test results demonstrated significant differences between different positions while wearing a 10-degree lateral wedged insole compared to the non-waged insole with open eyes and without any fatigue (MD = 0.389, P = 0.01) and with closed eyes with fatigue (MD= -0.56, P=0.005). There was also a significant difference between the 10-degree lateral wedged insole and the Kinesio tape (MD = -0.61, P = 0.004) with closed eyes after the fatigue.
Discussion
As previously mentioned, this study aimed to compare the effective interventions on the ankle and foot proprioception in the control of balance with and without fatigue. The balance is considered one of the controversial concepts of the motor-sensory system. Meanwhile, the human foot with its low surface area plays an important role in maintaining this balance, so the least changes in the support area can affect the postural control (23) . In addition, the foot is the first body part that contacts with the ground in many daily activities, As a result, any external perturbation from the ground enters to the foot and ankle joint. Therefore, the ankle joint is considered to be the first area to recover and maintain the balance (19, 24) . The results of this study showed that using 10-degree medial and lateral wedged insoles had a positive effect on the improvement of the static balance when removing vision information. However, Kinesio tape indicated no positive impact on the improvement of static and dynamic balance. Some of the reasons that can explain the obtained results are as follows:
Apparently, through balancing the subtalar joint and the ankle, the insole was able to prevent abnormal compensated movements in the joint and reduced postural fluctuations in a static state. According to some studies, standing on the wedge can also be associated with increased stiffness in the ankle joint (25, 26) . Lee et al showed that when individuals were placed on the 10-degree medial and lateral wedged insoles and the lateral perturbation occurred at the shoulder level, co-contraction of muscles in the trunk and thigh segments and the reciprocal activation in the shank muscles on the side of the perturbation were observed in both the anticipatory and compensatory postural adjustments. Therefore, the researchers claimed that the conditions of standing on the waged insole coped with less activity of the triceps surae muscles against disturbances and reduction in postural fluctuations (27) . These findings indicate the importance of increasing the stiffness in the ankle joint as a result of using the wage (25) . This mechanism is similar to the result of the present study. In addition, the waged insoles (lateral and medial) are found to increase the support area, as the wide base of support increasingly improves the balance (27) . Moreover, standing on the insole is said to affect the angular position of the ankle and hip joints in the frontal plane. A change in the angular position of the hip joint in the frontal plane is also one of the reasons for observing a decrease in postural fluctuations (18) . It is believed that the medial wage, on the one hand, causes angular changes in the hip and subtalar joints in the frontal plane. Additionally, the medial wage modifies the Achilles tendon direction, which can lead to further changes in the frontal plane. On the other hand, the lateral wage causes the angular changes in the ankle, knee, and hip in the sagittal plane as a result of which movement of the subtalar and the hip joints in the frontal plane is limited (26) . Increasing somatosensory through promoting the contact surface of the sole can help improve the postural control as well. According to the results of previous studies, although using the ice on the sole caused a poor balance (28) and the stimulation of the foot skin receptors was increased by tissue insole, the balance control was improved (29) . These results indicate that the somatosensory improves the postural control through the tactile stimulation of the foot. According to the sensory reweighting theory, when a sensory pathway is damaged or destroyed, the CNS gives more weight to the remaining inputs in order to adapt to this position and relies on these signals to generate a motor response (4, 8) . Through removing the vision feedback when testing with closed eyes, the individual's reliance on proprioception information is increased to maintain the balance. In the present study, the waged insole was found to have the greatest impact on the static balance. Furthermore, using the waged insole, as stated by some studies, can have biomechanical effects to improve the foot posture and proprioception information, cause lower extremity motor and neuromuscular functions, and alter angle of the subtalar joint, wrist, knee, hip, pelvis, and trunk in their motor planes (17, 26) . The present results regarding the effect of waged insoles on improving the balance are in conformity with the findings of Ganesa et al (18) and Eslami et al (26) . Among the factors affecting the balance, fatigue as one of the major risk factors for lower extremity damage leads to a decrease in the ability to respond quickly to proprioception responses (17) and increases the postural perturbation and alterations.
As mentioned before, the Kinesio tape has also been widely used by the athletes to prevent damage, increase neuromuscular activity, and improve performance during the physical activity (13) , mechanical support of the ankle joint (14) , and ankle joint proprioception (15) . However, very limited evidence is available to support the benefits attributed to the Kinesio tape. Similarly, contradictory results have been reported for the use of Kinesio tape in sports (14, 15, (30) (31) (32) . The results of the current study indicated that Kinesio tape was ineffective in improving the static and dynamic balance. These results are inconsistent with the results of the studies by Fayson et al (31), Nakajima et al (30) , and Seo et al (15) . One of the reasons for obtaining such results in the present research may be the absence of damage to the participants because they had a good proprioception function. Besides, even the sensory information received from their feet and sole may have been changed due to taping, which in turn disrupts the ability of proprioception. In general, taping around the ankle joint is found to improve sensory input by increasing the proprioception performance of people with poor proprioception. However, it may cause receiving excessive input and proprioception disorder in those who initially have appropriate performance (14) . Meanwhile, when a person is standing without moving, it is likely that Kinesio tape not to be enough to change the afferent feedback received from the feet. The results are consistent with the findings of Nunes et al (33) and Long et al (14) .
None of the studied interventions were effective on the dynamic balance of the participants before and after the fatigue. Of the three strategies to restore the balance, postural control in posterior-anterior direction was often controlled by the ankle strategy while controlling and maintaining the balance of the frontal or lateral plane was mostly done by the thigh and trunk. Besides, abductor and adductor of the hip muscles were detected to have the greatest role in controlling the postural fluctuations in the lateral direction (34) . Although the stability of the frontal plane was mainly due to the pelvis and trunk, it was observed that the muscles in the ankle joint also played a part in establishing the lateral stability. In other words, a muscle was not only active in a direction of perturbations but also it showed its maximum activity in one direction while operating differently in various directions during the perturbations (6,35). As previously described, the ankle joint taping was revealed to have less effect on the improvement of the dynamic balance probably due to the involvement of proximal joints in maintaining the dynamic balance. Moreover, the ineffectiveness of the insoles waged on the dynamic balance may be due to the role of other joints including the knee, hip, and even shoulder in maintaining the dynamic balance. The activity of muscles and their activation time were also important in maintaining the balance. The waged insole seems to have been able to help the balance in static conditions improve under less perturbation. However, since the strategies involved in the balance were different under more challenges, none of the applied methods could be effective in improving the dynamic balance.
Conclusion
According to the results of this study, using Kinesio tape in healthy individuals did not affect the dynamic and static balance improvement before and after the fatigue in lower extremity muscles. Meanwhile, application of waged insoles was associated with decreased postural fluctuations in the static state before and after the fatigue. In other words, the waged insole could reduce the complications of fatigue leading to a defect in individuals' balance when standing. Given the ease of insole application, the clinical significance of this finding is that the waged insole can be recommended to sports health centers or physiotherapists. That is, the waged insoles can be applied to improve the balance for individuals with imbalance problems and special considerations in rehabilitation stages in the static conditions. The results regarding the improvement of dynamic balance require further investigation.
